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Abstract 
The present study described and compared the performance of Cantonese-speaking 
deaf and normal-hearing children across primary fourth and fifth grades, in a homophone 
decision test and a synonym decision test. It was found that normal-hearing controls 
performed better than deaf subjects in both tests. Evidence of applying phonological 
information (aurally and visually), semantic information, and/or orthographic information, 
was found in the performance of all groups of children. This was in terms of regularity and 
transparency effects occurred under some character conditions, as well as choice (error) 
analysis. Results of the study shed lights on the understanding of the application of 
phonological, semantic, and orthographic information, among deaf and normal-hearing 
children, in the process of reading. 
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Introduction 
The ability of reading is crucial to a child’s learning, and gaining of social and 
vocational opportunities in the modern world (Musselman, 2000). It was inevitable for some 
children not to acquire reading flawlessly. Research on populations who have impaired 
literacy skills, not only seek for appropriate therapy for the impaired children, but also try to 
understand the process of reading by finding out similarities or differences between the 
normal and impaired populations in the process. One of the focuses in the study of those 
populations are on children with hearing impairment, especially those with severe to 
profound hearing loss, or regarded as “deaf” (Goldin-Meadow & Mayberry, 2001).  
Studies on English deaf children 
In English studies, deaf children are often reported to perform poorer than normal 
children in reading. Their reading development is usually delayed, reaching a plateau around 
the level of primary grade 3 to 5 (Beech & Harris, 1997; Musselman, 2000). One of the 
popular accounts on their reading difficulty relates to the application of phonological 
awareness, which defines as “the ability to perceive and manipulate sounds of spoken words” 
(Castles & Coltheart, 2004). This theory originates from a majority of studies on the reading 
process of English-speaking normal children, which support the important role of 
phonological awareness in the acquisition of reading (See for example, Gibbs (2004), or Ho 
and Bryant (1997) for more discussion). Although phonological awareness is often regarded 
as crucial for learning to read, some English researchers are skeptical about whether it is 
important for deaf children’s reading acquisition, since they lack the ability in receiving 
phonological information through aural mean due to their physical impairment. By 
observation, some deaf children do acquire reading skills compatible to normal-hearing 
children, despite their hearing loss (Goldin-Meadow & Mayberry, 2001). A number of studies 
claimed to show evidence of deaf children not applying phonological information in reading. 
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For example, Beech and Harris (1997) found that, when compared with normal-hearing peers, 
their 7-year-old deaf subjects had not shown much regularity effect in lexical decision task 
(an effect which shows the performance of reading aloud words that can be pronounced 
directly from the spelling is better than those that cannot). Those studies induce queries about 
whether or not deaf children acquire reading and do reading tasks upon the same process as 
normal-hearing children (Goldin-Meadow & Mayberry, 2001; Musselman, 2000). The 
situation complicates more when deaf children’s reading ability is shaped by various factors, 
such as educational background, and reading experience in daily contexts (Teeng, 1987). 
Even in normal children, some studies argue about the existence of causal relationship 
between phonological awareness and reading acquisition (see Castles & Coltheart (2004). 
Despite skepticism of some researchers, other studies on English deaf children 
support the importance of phonological awareness for the population in learning reading. For 
example, Luetke-Stahlman and Nielsen (2003) studied deaf children aged 7 to 17 years and 
found that better deaf readers possessed phonological awareness skills and English 
proficiency. Sterne and Goswami (2000) showed a group of 7-and-a-half-year-old deaf 
children possessing syllable, rhyme, and phonemic awareness, although they performed 
poorer in the related tests than chronologically-age-matched normal peers. One theory for 
explaining the existence of phonological awareness in English deaf children related to the 
application of visually-based phonological information, such as the use of lip-reading patterns. 
By noticing similar or different lip patterns during speech, deaf children may categorize 
phonemes that they see (or hear) and thus build up their sets of phonological information 
(Harris & Beech, 1998). Indeed, even in normal-hearing population, neurological studies (e.g. 
Paulesu, Perani, Blasi, Silani, Borghese, De Giovanni, Sensolo, & Fazio, 2003) and 
behavioural studies (e.g. the McGurk Effect mentioned in Alegria, Charlier, & Mattys, 1999) 
showed the involvement of lip-reading in the perception of oral speech. However, the 
 5 
precision of categorizing phonological information from lip-reading patterns for English deaf 
children is complicated by the fact that many English phonemes “are (all) produced with 
extremely similar visual movement patterns” (Jackson, 1988). For example, initial 
consonants /p/, /b/ and /m/ are all produced at the same place of articulation (labial), and their 
difference only lies on the manner of articulation (e.g. /m/ is a nasal, /p/ is a voiced stop while 
/b/ is a voiceless stop). Such a group of phonemes, which is defined as “viseme” (Jackson, 
1988), is difficult for deaf children to discriminate correctly because even they can see the 
place of articulation, they could not “see” the manner of articulation, a subtle difference that 
relies on the aural mean for discrimination (Erber, 1979). The situation further complicates 
when the number of phonemes in English is high, and co-articulation effect is great due to a 
complex syllabic structure. Consequently, a universal grouping system of English phonemes 
upon lip-reading does not exist (Jackson, 1988). Therefore, it is not surprising that no study is 
found on investigating the use of lip-reading information among English deaf children, since 
the complexity of English phonology makes it difficult to carry out such a study.       
If the phonology of a language consists of fewer phonemes and a simpler syllabic 
structure, would it be possible to find evidence of applying lip-reading information as 
phonological information in reading among deaf children using that language? Moreover, if 
deaf children are learning a language which does not have an alphabetic writing system as in 
English, since no phonological information is needed apparently, will deaf children still use 
phonological information in reading? A study on deaf children learning Cantonese, and the 
Chinese writing system, may provide insights to the two suggested questions.  
Cantonese phonology and the Chinese writing system 
According to So and Dodd (1995), Cantonese consists of 17 initial consonants and 2 
syllable-consonant clusters. A syllable usually consists of an onset (an initial consonant or 
glide), and a rime (a vowel plus a final consonant/glide). When compared with English, 
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Cantonese consists of fewer phonemes, a simpler syllabic structure, and using tone as an 
obligatory contrast for meaning. Table 1 shows a more detailed comparison.  
Table 1. The phonology of Cantonese and English (adapted from So and Dodd, 1995) 
 Cantonese English 
Initial consonants /p/, /ph/, /t/, /th/, /k/, /kh/ (stop); /m/, 
/n/, /ŋ/ (nasal); /f/, /s/, /h/ (fricative); 
/w/, /j/ (glide); /l/ (liquid); /ts/, /tsh/ 
(affricate) 
/p/, /b/, /t/, /d/, /k/, /g/ (stop); /m/, /n/ 
(nasal); /T/, /D/, /f/, /v/, /s/, /z/, /S/, /Z/, 
/h/ (fricative); /w/, /j/ (glide); /l/, /r/ 
(liquid); /tS/, /dZ/ (affricate) 
Clusters /kw/, /khw/ /p/, /b/, /t/, /d/, /k/, /g/, /T/ + /l/, /r/, 
/j/; /s/ + /p/, /t/, /k/, /l/, /w/; /s/ + /p/, 
/t/, /k/ + /l/, /r/, /j/, /w/ 
Final consonants /p/, /t/, /k/; /m/, /n/, /ŋ/; /w/, /j/ /p/, /b/, /t/, /d/, /k/, /g/; /m/, /n/, /ŋ/; 
/T/, /D/, /f/, /v/, /s/, /z/, /Z/, /S/, /tS/, 
/dZ/; /l/, /r/ 
Vowels /i/, /A/, /u/, /J /, /O/, /o/, /E/, /a/, /y/ 
(vowel) 
/i/, /I/, /E/, /Y/, /V/, /a/, /Q/, /O/, /U/, /u/, 
/З/, /G/ (vowel); /eI/, /oU/, /aI/, /aU/, 
/OI/, /IG/, /EG/, /OG/, /UG/ (diphthong) 
Syllabic structure [[C]-[G]] - V- [C/G] [C 0-3] - V - [C 0-4] 
Tones 6 contrasting (high level, high rise, 
mid level, low fall, low rise, low 
level), 3 entering (high, mid, low) 
None 
 
Notes. C = consonant, G = glide, V = vowel, number beneath C = number of consonants  
People who speak and learn Cantonese also acquire the Chinese writing system (Ho 
& Bryant, 1997). Among all the modern Chinese characters in the system, about 80% of them 
are called “phonetic compounds” (Chen, 1996; Shu & Anderson, 1999). A phonetic 
compound is a character made up of 2 components: a signific radical, and a phonetic radical. 
The signific radical provides hints about the meaning of the character, while the phonetic 
radical provides hints about the pronunciation of the character (Chen, Shu, Wu, & Anderson, 
2003; Ho & Bryant, 1997). Studies on the Chinese writing system mostly focus on the 
phonetic compounds because they provide evidence of the application of phonological 
 7 
information, and semantic information, in reading Chinese characters. Recent studies in 
normal-hearing primary school children learning the system have shown the significance of 
phonological awareness in reading phonetic compounds (e.g. Ho & Bryant, 1997; Shu & 
Anderson, 1999). One of the effects found in the studies is called a “regularity” effect, which 
associates with the phonetic radical. The effect shows regular characters are read better than 
irregular characters. Regular characters are those having the same pronunciation as the 
phonetic radical when the radical itself is an independent character, while irregular characters 
are those having completely different pronunciation as the phonetic radical. Since the 
existence of this effect implies the application of phonological information within the 
character itself, it is regarded as an evidence of phonological awareness in the reading 
process of Chinese children. Another effect mentioned in Shu & Anderson (1999) is the 
“transparency” effect, which associated with the signific radical. It means that transparent 
characters are read better than opaque characters. Transparent characters are those having the 
meaning closely related to the signific radical when the radical itself is an independent 
character, while opaque characters are those having distinctive meaning as the signific radical. 
This effect indicates that apart from phonological information, normal children extract 
semantic information from sub-character units to help their reading. Table 2 shows examples 
of 4 types of characters with regular/irregular and transparent/opaque properties.  
Table 2. Examples of 4 types of phonetic compounds 
Type Example Meaning 
Regular 
transparent (RT) 
蛛 Both the word and phonetic radical (朱) pronounced as /tsy55/; 
the word means “spider”, having meaning similar to the signific 
radical (虫), which means “insects” 
Regular opaque 
(RO) 
俬 Both the word and phonetic radical (私) pronounced as /si55/; the 
word means “furniture”, meaning not related to the signific 
radical (亻), which means “person” 
Irregular 憶 The word pronounced as /jik55/ while the phonetic radical (意) 
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transparent (IT) pronounced as /ji23/; the word means “memory”, meaning 
relating the signific radical (忄), which means “heart” 
Irregular opaque 
(IO) 
陡 The word pronounced as /tAu35/ while the phonetic radical (走) 
pronounced as /tsAu35/; the word means “steep”, meaning did not 
related to the signific radical (阝), which means “big/many” 
 
Comparing with English-speaking children, normal-hearing Chinese children also 
apply phonological information in the reading process. On top of applying phonological 
information, Chinese children use semantic information during reading, which is different 
from English-speaking children. For example, when reading the character “蛛” (see table 2), 
Chinese children may find out its pronunciation from the phonetic radical (朱), while 
knowing its meaning from the signific radical (虫). As for the character “陡” (see table 2), its 
pronunciation and meaning cannot be retrieved from the phonetic and signific radicals 
respectively, since the pronunciation and meaning among them were not the same. In theory, 
unless “陡” has already been acquired, the correct rate of reading “蛛” should be higher than 
that of “陡”. This is because the meaning and pronunciation of “蛛” can be extracted directly 
from the orthography of the character itself , when children recognize the orthography of the 
word’s components and match with the radicals. The example shows that in reading Chinese 
characters, orthography, meaning and pronunciation interact with each other and affect the 
accuracy of character recognition. Therefore, theoretically when studying the reading process 
of Cantonese-speaking deaf children, 4 possibilities may occur: (1) they make use of 
phonological information (aurally or visually-based) or semantic information only; (2) they 
use both phonological and semantic information; (3) they do not use both phonological and 
semantic information (e.g. using orthographic information); (4) they use phonological, 
semantic, and/or orthographic information in combination. 
Studies on Chinese deaf children 
Three studies are found on studying deaf children learning the Chinese writing 
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system. Teeng (1987) carried out a priming study on two groups of deaf secondary school 
students, who used and were taught in oral language or sign language respectively. He found 
that when asked to determine whether pairs of words were real characters or not, only orally 
taught deaf subjects showed priming effect when homophone primes (different orthography 
with the target) were given before the target word pairs. Fang and Zhang (1998) also 
conducted a priming study on deaf and normal-hearing students in primary grade 6, in which 
the deaf subjects used sign language only. They found that deaf subjects chose target words 
correctly when homophone prime were given before stimuli, although they could do faster 
when semantic primes were given, while normal-hearing subjects answered quicker when 
homophone primes were given. Another priming study by Feng and Fang (2003) on deaf and 
normal-hearing students in primary grade 6 showed that in 50ms stimulus onset asynchrony 
(SOA), the time of choosing correct answers for deaf subjects was faster for semantic primes 
than phonological primes. However, when SOA increased to 300ms, deaf children chose 
answers faster when homophone primes were given, and the subjects’ performance was 
similar to normal-hearing controls. The studies concluded that deaf and normal-hearing 
children had similar processes in reading, using both phonological and semantic information.  
Similar to some English studies, the three studies speculated that deaf children make 
use of visually-based phonological information. In spite of their speculations, they did not 
investigate the use of such information directly. Their studies did not control the properties of 
the characters used in their experiments according to a viseme grouping system, or other 
methods showing the use of visually-based information. Neither did they control character 
properties of the stimuli/targets in their experiments, including frequency 1, consistency 2, 
family size 3, regularity and transparency. This reduces the accuracy of their results, since it is 
known that those properties affect the reading performance of children (Chen, 1996; Chen et 
al., 2003). Consequently, their evidence and conclusions are not strong enough to answer the 
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questions of whether Chinese deaf children use phonological information (or 
semantic/orthographic information) in reading as in normal-hearing children, and whether 
they use visually-based phonological information in the process, though their speculations 
maybe correct. By controlling the properties of the stimuli and targets, as well as introducing 
a method of investigating the application of visually-based phonological information in the 
reading process of deaf children, the present study may help to clarify the conclusions of 
previous studies. Results may also contribute to insights on solving the arguments of whether 
phonological awareness is a necessity in children’s reading acquisition. If deaf children 
showed reliance on phonological information in reading, it would be tempting to conclude 
that phonological awareness was a prerequisite for acquiring reading among all children.  
Improving the methodology 
To improve the methodology, a number of aspects will be different from previous 
studies, including (1) choice of subjects, (2) tasks applied, and (3) control on characters’ 
properties. In considering the potential subjects, it is appropriate for recruiting deaf children 
in Hong Kong. They learn both Cantonese and the Chinese writing system, and are “exposed 
to a totally oral/aural environment” (Dodd & So, 1994). They are expected to learn through 
oral/aural means, since many of them, especially those with milder severity of hearing loss 
and/or adequate communication skills, are usually encouraged to integrate into the formal 
education system as early as possible (Dodd & So, 1994). For those attending special schools, 
they are also encouraged to learn through oral language, preparing for integration into the 
society. Although they learn through oral/aural means, both hearing-impaired and 
normal-hearing children learn to read without the assistance of any phonetic system, like 
Pin-yin used in Mainland China (an alphabetic system), and Zhu-yin-pu-huo used in Taiwan 
(a non-alphabetic system). This provides an opportunity for studying deaf children exposed 
mostly to oral/aural training 4, maximizing the chance of finding any evidence of using 
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phonological (aural and/or visual) information in the population, without any effects due to 
the assistance of other phonetic systems, as in children in China and Taiwan (Ho & Bryant, 
1997). In addition to deaf subjects, normal-hearing controls are recruited as in previous 
studies, since it is not possible to determine the level of ability of the deaf subjects if 
normal-hearing controls are not included for comparison. Therefore, the first aim of the study 
is to compare the performance between deaf and normal-hearing children.  
The grade of the subjects and controls is another important factor for achieving the 
mentioned aim. Previous studies usually compared the performance of deaf and 
normal-hearing students in primary grade 6, or in secondary schools. The present study 
recruits children from grades 4 and 5, because Wu, Zhou, and Shu (1999) claimed that normal 
children in grade 6 has already possessed reading skills similar to that of adult readers. The 
data collected from primary 6 students may not reflect the development of younger children 
compared with that of younger students. Children in grades 4 and 5 are able to maintain 
attention for a longer time, which enables them to follow instructions and doing tests. 
Performance between the grades is compared, to show if there are any similarities or 
differences across grades, between the deaf and normal-hearing subjects. 
Two tests are proposed for the subjects and controls: a homophone decision test 
(HDT), and a synonym decision test (SDT). The HDT is carried out for investigating the use 
of phonological information (or semantic/orthographic information), when subjects are asked 
to perform a phonologically based task. The SDT is a supporting test to investigate if deaf 
and/or normal-hearing subjects also use phonological information (and/or other information) 
when they are asked to do a semantically based task, apparently no phonological information 
is needed. Subjects are not asked to read aloud because hearing-impaired children often make 
phonological errors in speech (Dodd & So, 1994), which may lead to the confusion of 
phonological and semantic errors in data analysis. Latency and/or priming measures are also 
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not considered. Beech and Harris (1997) suggested that it was difficult to compare latency 
data among groups of children with different chronological ages, and choices presented in 
paper form are clear and easier to inspect than that in computers. Indeed, tests in the form of 
worksheets are easier and more convenient to administer than latency or priming experiments, 
especially when resources and time among subjects and schools are limited.  
Apart from controlling the properties of subjects and planning tests, it is important to 
control the properties of the stimuli and targets used in the tests, since the results of previous 
studies are inevitably affected by their lack of control on the characters’ properties. By 
controlling the properties, two aims of the present study can be achieved: (1) finding out if 
any regularity and/or transparency effects exist in the reading performance of the deaf and/or 
normal-hearing subjects, which is an important evidence of showing the subjects’ application 
of phonological/semantic information in the reading process; (2) revealing any use of 
visually-based phonological (lipreading) information, in doing the proposed tests.  
Five properties of the characters are controlled, including frequency, family size, 
consistency, regularity and transparency. Frequency has to be controlled because regularity 
and transparency effects shown in previous studies on normal-hearing children often occurred 
only when subjects were not familiar with the characters (i.e. low frequency) (Shu & 
Anderson, 1999). Consistency and family size are also controlled since they affect the reading 
performance of normal children, especially in higher grades (Chen et al., 2003). For studying 
the factors of regularity and transparency, stimuli used in proposed tests are divided into 4 
groups: regular transparent (RT), regular opaque (RO), irregular transparent (IT), irregular 
opaque (IO) (as in table 2). The tests are in a multiple-choice format, so that apart from the 
target, there are other choices, and thus the choices made by subjects reflect the type(s) of 
information they use when they perform the tests, being as a supporting evidence in addition 
to the analysis of regularity/transparency effects. For gathering evidence of the use of 
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lip-reading information in the tests, viseme distractor (choice) is one of the choices. As for 
reflecting the use of semantic, orthographic, and/or phonological information in the tests, 
another three types of distractors are included. With the addition of unrelated distractor as the 
control choice, there are 5 types of choices in each of the questions in both tests. More 
information about the definition of choices is mentioned in the part of “Method”. 
In summary, the present study describes and compares the reading performance of 
deaf and normal-hearing children in primary grades 4 and 5, and to identify the application of 
phonological, semantic or other information in the homophone decision and synonym 
decision tests. It is expected that if deaf and/or normal-hearing subjects applied phonological 
information, regularity effect would be shown in the test(s). They may choose more targets 
and viseme choices in HDT, and phonological and viseme choices in SDT. If semantic 
information were applied in one or both tests, transparency effect would be shown. Subjects 
may prefer to choose more semantic choices in HDT, and targets in SDT. If other information 
were applied, such as orthographic information, more orthographic choices would be made in 
the test(s). Moreover, if the process of reading were similar between deaf and normal-hearing 
subjects, they might show similar effects and patterns of choices, even if normal-hearing 
controls performed better than deaf subjects, as found in previous studies. 
Method 
Subjects 
Hearing-impaired subjects 
Twenty subjects were recruited from two special schools for hearing-impaired 
children in Hong Kong. The 10 subjects in grade 4 all came from the same school, while 
subjects in grade 5 came from 2 schools, with 5 subjects from each school respectively. All of 
the subjects were having prelingual hearing impairment at the profound level, except for 3 
students who have severe hearing loss (2 in grade 4, 1 in grade 5). As reported, they did not 
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have any other sensory and/or neurological deficits, except for corrected eyesight. Most of 
the subjects were monolingual Cantonese speakers, with 5 students used sign language at 
home (1 in grade 4, and 4 in grade 5). 
In order to confirm all the subjects were cognitively normal, a short version of the 
Raven’s Standard Progressive Matrices (Raven, Raven, & Court, 1993) (Raven’s test) was 
carried out on all deaf subjects. The derivation of the short version was similar to the method 
used in Arthur and Day (1994). The 60 questions in the Raven’s test were divided into 20 
groups, with 3 questions in each group, following the original question order. One question 
was randomly picked from each group, and thus 20 questions were derived in the shorten test. 
For example, for the group of questions A1, A2, and A3, 1 question (e.g. A2) was picked 
randomly among them. The questions chosen for each grade were different. The results of the 
Raven’s test, and other background information of the subjects were shown in table 3. The 
standard score of grades 4 and 5, derived from the mean age and mean score, were 89 and 78 
respectively, meaning that the subjects’ cognitive ability were within normal range. 
Table 3. Background information of the hearing-impaired subjects 
Grade Age Male Female HA CI Score in Raven’s test 
4 10.5 (1.434) [9-14] 4 6 5 5 60% (0.1106) [45-75%] 
5 11.7 (1.889) [10-16] 8 2 8 2 56.25% (0.1415) [30-80%] 
 
Notes. HA = number of subjects using hearing aids, CI = number of subjects using cochlear 
implant. The values of age/score are listed as ‘mean (standard deviation) [range]’. 
Normal subjects 
Normal-hearing subjects were all recruited from a primary school in Hong Kong. A 
total of 35 students from grade 4, and 21 students from grade 5 participated in the experiment. 
The chronological age of the controls was matched with that of the deaf subjects in the same 
grade, according to the results calculated by chi-square. All the students were reported to 
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have normal hearing and normal cognitive ability. Except for corrected eyesight, none of the 
normal subjects had any other sensory and/or neurological deficits. Most of the subjects were 
monolingual Cantonese speakers, except for 2 students (1 in grades 4 and 5 respectively), 
whose family spoke Japanese, or Hakka dialect.  
Table 4. Background information of the normal-hearing subjects 
Grade Age Chi-square Male (N) Female (N) 
4 9.657 (0.6835) [9-12] 0.03526 (df = 1, p > .05) 19 16 
5 11.14 (1.236) [10-15] 0.01373 (df = 1, p > .05) 10 11 
 
Notes. The value of chi-square is listed as ‘value (degree of freedom, p-value)’. 
Procedures 
Proposed tests 
Two tests were administered on all the subjects, including a homophone decision test 
(HDT), and a synonym decision test (SDT). Both the HDT and SDT consisted of 32 
questions. The stimuli in the tests were divided into 4 groups: (1) RT, (2) RO, (3) IT, and (4) 
IO, with 8 words in each group. After the stimuli were categorized into the 4 groups, 
questions were assigned into the worksheet upon the method of random starting order with 
rotation (e.g. questions 1 to 4 were stimuli in RT, IT, RO, IO categories sequentially, then 
questions 5 to 8 were stimuli in IT, RO, IO, RT groups sequentially, and so on). Since the test 
was in a multiple-choice format, the given choices (target and distractors) for each question 
were randomly assigned into 5 choices (A to E). The HDT required subjects to find words 
that had the exact pronunciation as the given stimuli, upon choosing the exact correct answer 
among 5 choices for each question, including the target, and 4 distractors. The SDT asked 
subjects to find words that had the same or similar meaning as the given stimuli upon the 5 
types of choices. Table 5 showed examples of the stimuli, targets, and distractors for the tests 
respectively.   
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The choices included in the tests were: 
(1) Target (exact correct answer) (EC): it is defined as the word having the exact 
pronunciation (in HDT), or having the same or similar meaning (in SDT), but different 
orthography, as the stimulus. Its orthography, meaning and pronunciation were different 
from other choices. 
(2) Viseme distractor (V): it is defined as the word having an initial consonant that belonged 
to the same or different viseme group as the initial consonant in the stimulus, while 
having the same rime as the stimulus. Its orthography, meaning and pronunciation were 
different with other choices. The number of the distractor belonging to the same/different 
viseme groups as that of the stimulus was evenly distributed, with 16 of them in the 
“same” (SV) or “different” (DV) groups respectively. It appeared in both HDT and SDT; 
(3) Orthographic distractor (O): it is defined as the word having the same signific radical but 
a different phonetic radical as the stimulus. It was different from other words in the same 
question in terms of pronunciation, meaning and/or orthography. It appeared in both tests; 
(4) Semantic distractor (S): it is defined as the word having similar or same meaning as the 
stimulus. Its pronunciation, meaning and/or orthography were different from other words 
in the same question in most cases. It appeared in HDT only; 
(5) Homophone distractor (H): it is defined as the word having the exact same pronunciation 
as the stimulus (i.e. the homophone of the stimulus). It does not relate to other words in 
the same question in terms of pronunciation, meaning and/or orthography. It appeared in 
SDT only (i.e. replacing the semantic distractor in HDT); 
(6) Unrelated distractor (U): it is defined as the word that did not have any relation with the 
stimulus, or other choices in the question in terms of pronunciation, meaning, and 
orthography. It appeared in both tests. 
Table 5. Examples of the stimuli, targets, and distractors for HDT and SDT 
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Stimulus Target V S/H O U 
HDT      
憶 (/jik55/, 
memory)   
[10 (mid), 2, 
1/1 (1)] 
益 (/jik55/, 
benefit)   
[95, high] 
識 (/sik55/, 
know)   
[170, high] 
(DV) 
記 (/kei33/, 
remember) 
[144, high] 
慢 (/man22/, 
slow)    
[145, high] 
背 (/pui33/, 
rehearse)  
[81, high] 
SDT      
扯 (/tshE35/, 
pulling)     
[3 (low), 2, 1/3 
(4)] 
拉 (/lai55/, 
pulling)   
[65, high] 
者 (/tsE35/, 
person)   
[110, high] 
(SV) 
且 (/tshE35/, 
also)      
[97, high] 
損 (/syn35/, 
damage)   
[80, high] 
涼 (/lJ ŋ21/, 
cool)     
[61, high] 
 
Notes. The values for the stimuli are listed in the order ‘[cumulative frequency (frequency 
category), transparency, consistency (family size)]’. The values for the targets and distractors 
are listed as ‘[frequency, frequency category]’. 
Preparation of materials 
The stimuli, targets, and distractors applied in both HDT and LDT were all derived 
from the Hong Kong Corpus of Primary School Characters (HKCPSC) (Leung & Lee, 2002). 
The stimuli applied for grades 4 and 5 were not totally the same, and the stimuli used in the 
two tests were different. All of the stimuli were controlled in terms of frequency (low to mid 
range), regularity (regular/irregular), transparency (transparent/opaque), and consistency (1/3 
to 1/1, with family size between 1 and 10). For the 5 types of choices in a question, their 
frequency was controlled so that they belonged to the same frequency range in most 
questions, with the unrelated distractor having the lowest frequency value among the choices. 
All the stimuli were at low to mid frequency range for maximizing the chance of showing 
regularity and/or transparency effects. The given choices were at high to mid frequency range 
so that subjects were familiar with the choices and could find the answer among them. 
Except for the viseme distractor, distractors were derived according to the meaning, 
pronunciation, and/or orthography of the characters, upon a Chinese dictionary (Huang, 
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1998). Since no previous studies were found on defining viseme groups for Cantonese initial 
consonants, a video-viewing test was carried out in order to determine the viseme distractors 
for the stimuli in the tests. Twenty-six volunteers in Year 4 of the Division of Speech and 
Hearing Sciences joined the test. All participants had knowledge on Cantonese phonology. 
They were asked to view a 3-minute videotape on television in a quiet lecture room, which 
showed the lower one-third of the face revealing mouth shapes of all the 19 Cantonese initial 
consonants randomly once, without any sounds. The consonants were all produced in the 
context of a consonant plus vowel /a/ (e.g. /pa/). The results of the test are presented in 
Appendix A, as a confusion matrix, adapted from Owens and Blazek’s (1985) method. 
Seventy-five percents identification rate was chosen as the criterion level for a group of 
consonants (with the same place of articulation) being regarded as a viseme group (Owens & 
Blazek, 1985). Table 6 showed the derived visemes for Cantonese: 
Table 6. The groups of initial consonants (as viseme or not) in Cantonese 
Initial consonants Identification rate (75% as criterion) 
Viseme groups  
/p/, /ph/, /m/ 100% (78/78) 
/w/, /kw/, /khw/ 98.7% (77/78) 
/l/ 92.3% (24/26) 
/f/ 84.6% (22/26) 
/n/, /t/, /th/, /ts/, /tsh/, /s/ 78.8% (123/156) 
Not viseme  
/h/ 5 80.7% (21/26) 
/k/, /kh/ and /ŋ/ 32.05% (25/78) 
/j/ 23.08% (6/26) 
 
Pilot testing 
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Before data collection, a pilot test was carried out so as to assure the tests were not 
too easy or difficult for subjects in later testing. The tests were administered on 2 
normal-hearing children in grades 4 and 5 respectively. They came from 2 different schools 
and they did not act as subjects. The boy in grade 4 scored 87.5% (28/32) correct in HDT and 
71.88% (23/32) correct in SDT, while the girl in grade 5 scored 87.5% (28/32) correct in 
HDT and 81.25% (26/32) correct in SDT. The author believed the results were acceptable, 
since none of them hit 100% or 0%, so the tests were administered to recruited subjects.  
Data collection 
The tests were carried out at the schools in 3 days respectively, during 1 session of 
their lessons (about 35 to 40 minutes). The subjects sat for the tests in their classrooms. Task 
explanation and 2 examples were prepared for each test so as to help the students to 
understand the tests’ format and requirements (see appendix B for details). The author 
administered the tests to each class of subjects in the special schools. For both grades in the 
normal school, the tests were explained and carried out by an experienced teacher, according 
to the standardized task explanation and examples. All subjects did the HDT before the SDT. 
For deaf subjects, the Raven’s test was carried out before the 2 tests. Although the tests did 
not have time limits, most of the students finished each test within 15 minutes.  
Data analysis 
The author marked all the collected test papers and carried out analyses. For HDT 
and SDT respectively, numbers of answers were categorized upon 2 methods. The first 
method was to categorize the number of exact correct answers according to the 4 word 
groups (RT, IT, RO, IO). A 2 x 2 x 2 ANOVA analysis was then carried out on each of the 2 
grades to detect the existence of regularity/transparency effects, with group (deaf versus 
normal-hearing) as the between-group factor, regularity (regular/irregular) and transparency 
(transparent/opaque) as the within-group factors. 
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The second method of categorizing the choices of answers in each test and each 
subject group was according to the groups of choices: (1) target (exact correct) (EC), (2) 
viseme (V), (3) orthographic (O), (3) semantic (S) (for HDT), (4) homophone (H) (for SDT), 
and (5) unrelated (U) choices. Choice (error) analyses was then carried out upon the use of 
tables, to find out patterns among the choice of answers made by the subjects, and to figure 
out their application of phonological, semantic, and/or orthographic information in the tests. 
The viseme choices were further divided into 2 groups (SV and DV), and the proportion of 
choosing the 2 types of choices were compared among the subjects. This was to further 
confirm the occurrence of viseme effect: if such effect existed, more SV choices should be 
chosen than DV choices, among all the viseme choices. 
Results 
Regularity/transparency effects 
The analysis first focused on the investigating regularity/transparency effects among 
the group in the HDT and SDT, upon the use of ANOVA. The mean and standard deviation of 
the subjects’ scores in the 2 tests were shown in tables 6 and 7 respectively. 
Table 6. Homophone decision test (HDT): mean and standard deviation (SD) of the stimuli in 
which exact correct answers were chosen 
 RT RO IT IO 
Grade 4, deaf subjects (N = 10) 
Mean 4.2 4 3.3 3.4 
SD 2.150 1.944 1.889 1.955 
Grade 4, normal-hearing controls (N = 35) 
Mean 7.486 6.6 6.8 6.4 
SD 0.8179 1.218 1.368 1.479 
Grade 5, deaf subjects (N = 10) 
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Mean 2.8 3 2.6 2.5 
SD 2.530 2.667 1.776 1.841 
Grade 5, normal-hearing controls (N = 21) 
Mean 7.095 7.381 7.381 6.381 
SD 0.8309 0.8047 0.8047 1.359 
 
Notes. RT = regular transparent, RO = regular opaque, IT = irregular transparent, IO = 
irregular opaque 
Grade 4, HDT 
Main effects were found in the factors of group [F (1, 43) = 52.35, p < .0001], and 
regularity [F (1, 43) = 11.89, p < .01]. They indicated that the performance of normal-hearing 
controls were better than deaf subjects, and significantly more regular answers were chosen 
when other factors were not considered. Though no interaction effect was found [F (1, 43) = 
0.1100, p > .05], the interaction among the 3 factors was inspected upon the post-hoc 
comparison of LCD test. It was found that for both deaf and normal-hearing groups, they 
answered significantly more correct questions for RT stimuli than that of IT stimuli under the 
“transparent” condition (p < .05 and p < .001 respectively). This indicated that under 
transparent condition, regularity effect occurred. For the normal-hearing controls, they chose 
significantly more correct answers for RT stimuli than that of RO stimuli, and for IT and IO 
stimuli, under the “regular” and “irregular” conditions (p < .0001 and p < .05 respectively). 
This showed that in spite of the words’ regularity, transparency effect occurred. 
Grade 5, HDT 
Main effect was found in the factor of group [F (1, 29) = 76.43, p < .0001], which 
showed the performance of normal-hearing controls was significantly better than that of deaf 
subjects. Although no interaction effect was found across the 3 factors [F (1, 29) = 2.210, p 
> .05], the interaction was inspected upon the LCD test. No effect was found for deaf subjects. 
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As for normal-hearing controls, under the “opaque” condition, they chose significantly more 
correct answers for RO stimuli than that of IO stimuli (p < .001). They also chose 
significantly more correct answers for IT stimuli than that of IO stimuli (p < .001), under the 
“irregular” conditions.  
Table 7. Synonym decision test (SDT): mean and standard deviation (SD) of the stimuli in 
which exact correct answers were chosen 
 RT IT RO IO 
Grade 4, deaf subjects (N = 10) 
Mean 2.1 3.6 2.2 3.2 
SD 1.197 1.647 1.317 1.317 
Grade 4, normal-hearing controls (N = 35) 
Mean 5.486 5.257 4.657 5.6 
SD 1.755 1.990 1.893 1.928 
Grade 5, deaf subjects (N = 10) 
Mean 3.7 2.9 1.9 2.8 
SD 1.703 2.132 1.792 2.150 
Grade 5, normal-hearing controls (N = 21) 
Mean 6.667 6.476 4.857 5.524 
SD 1.238 1.692 1.905 1.750 
 
Grade 4, SDT 
Main effects were found in the factors of group [F (1, 43) = 20.91, p < .0001], and 
regularity (but a reverse effect) [F (1, 43) = 19.90, p < .05]. This indicated that 
normal-hearing subjects performed better than deaf subjects in the SDT, and correct answers 
were chosen significantly more for irregular stimuli than regular stimuli, irrespective of the 
group or transparency of the stimuli. Although there were no interaction effects [F (1, 43) = 
3.493, p > .05], the interaction was inspected upon the LCD test. It was found that under the 
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“transparent” condition, deaf subjects chose significantly more correct answers for IT stimuli 
than RT stimuli (p < .05), which showed a significant reverse regularity effect. Under the 
“opaque” condition, normal-hearing subjects answered more questions of IO stimuli correctly 
than those with RO stimuli (p < .01), which also showed a significant reverse regularity effect. 
Under the “regular” condition, normal-hearing subjects chose significantly more correct 
answers for RT words than RO words (p < .01), which showed a transparency effect.  
Grade 5, SDT 
Main effects were found in the factors of group [F (1, 29) = 28.63, p < .0001], and 
transparency [F (1, 29) = 29.10, p < .0001]. This indicated that normal-hearing subjects 
performed better than deaf subjects in the SDT, and correct answers were chosen significantly 
more for transparent stimuli than opaque stimuli, irrespective of the group or regularity of the 
stimuli. The interaction among the 3 factors was then inspected upon LCD test, though no 
interaction effect was obtained [F (1, 29) = 0.9263, p > .05]. It was found that for both deaf 
and normal-hearing subjects, they chose significantly more correct answers for RT stimuli 
than RO stimuli, indicating a transparency effect in the “regular” condition (p < .005 and p 
< .0001 respectively). Normal-hearing controls also chose significantly more correct answers 
for IT than IO stimuli, showing a transparency effect in the “irregular” condition (p < .05). 
As a summary, regularity and transparency effects occurred under some character 
conditions, but no significant interaction effect was obtained. The performance across grades, 
irrespective of hearing, was quite similar, with normal-hearing controls showing stronger 
effects than deaf subjects, upon the use of LCD test. 
Choice (error) analysis 
Analysis was carried out by comparing the means of choices in 2 tests among the 
groups. Tables 8 and 9 showed the proportion of choices in the tests respectively. 
Table 8. Mean and standard deviation (SD) of the number of choices among subjects in HDT 
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 EC V S O U SV DV 
Grade 4, deaf subjects (N = 10) 
Mean 14.9 4.9 3.2 6.2 2.8 3.5 1.4 
SD 7.325 2.025 2.394 7.052 1.619 2.506 1.430 
Grade 4, normal-hearing controls (N = 35) 
Mean 27.29 1.543 1.371 1.314 0.4857 1.114 0.4286 
SD 3.824 1.633 1.536 1.231 0.7017 1.078 0.8501 
Grade 5, deaf subjects (N = 10) 
Mean 10.9 4.1 6.8 7.2 3 2.7 1.4 
SD 8.252 2.079 4.315 20.47 2.494 1.889 1.075 
Grade 5, normal-hearing controls (N = 21) 
Mean 28.24 1 1.762 0.5238 0.4762 0.8571 0.1429 
SD 2.827 0.8944 2.095 0.7496 0.6796 0.8535 0.3586 
 
Table 9. Mean and standard deviation (SD) of the number of choices among subjects in SDT 
 EC V H O U SV DV 
Grade 4, deaf subjects (N = 10) 
Mean 11.1 4.7 8.4 5.3 2.5 3.3 1.4 
SD 4.122 1.767 2.989 2.003 1.841 1.160 1.075 
Grade 4, normal-hearing controls (N = 35) 
Mean 21 1.2 4.6 4.371 0.8286 0.8571 0.3429 
SD 6.449 1.158 5.510 3.843 1.150 0.8793 0.7253 
Grade 5, deaf subjects (N = 10) 
Mean 11.3 3 3.6 11 3.1 1.4 1.6 
SD 7.040 2.625 2.951 8.406 2.132 1.265 1.578 
Grade 5, normal-hearing controls (N = 21) 
Mean 23.52 1.190 2.810 4 0.4762 0.6190 0.5714 
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SD 5.382 1.078 4.760 17.22 0.8729 0.4976 0.8701 
 
Grade 4, HDT 
When correct answers were not chosen, deaf subjects chose orthographic choices the 
most, and then viseme choices. Normal-hearing controls chose viseme choices the most, and 
then semantic choices.  
Grade 5, HDT 
When correct answers were not chosen, deaf subjects chose orthographic choices the 
most, and then semantic choices. Normal-hearing controls chose most semantic choices, and 
then viseme choices.  
Grade 4, SDT 
When subjects did not choose correct answers, both deaf and normal-hearing 
subjects chose homophone choices the most, and then orthographic choices.  
Grade 5, SDT 
Both groups chose orthographic choices the most, and then homophone choices, 
when they did not know the correct answer. For normal-hearing controls but not deaf subjects, 
SV choices were chosen more than DV choices when viseme choices were chosen.  
As summary, the amount of choices in the deaf subjects was higher than that in 
normal-hearing controls across grades. For all groups except grade 5 deaf subjects in SDT, 
SV choices were chosen more than DV choices when viseme choices were chosen. When 
compared between the 2 tests, normal subjects performed better in HDT than SDT, while deaf 
subjects performed similarly in both tests. It was also observed that the choices made by 
fourth and fifth grades between the groups were similar in both tests. 
Discussion 
Comparison between deaf and normal-hearing subjects 
The present study first aimed comparing the performance of deaf and 
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normal-hearing students across primary grades 4 and 5, in homophone and synonym decision 
tests. Similar to the results of previous studies, results indicated that deaf subjects were able 
to make use of phonological information for performing HDT and SDT. According to the 
choice analysis on the tests, deaf subjects chose more viseme answers than that of 
normal-hearing controls in both tests, and they chose more homophone choices (especially 
for grade 4) when they did not know the answer in SDT. The preference of homophone 
choices in SDT for grade 4 deaf subjects might also indicated the preference of phonological 
information, even for doing a semantically based task. 
The results of choosing more viseme answers among deaf subjects also confirmed 
the speculation of previous studies (e.g. Teeng, 1987) that deaf subjects make use of 
visually-based phonological information, since they are mainly taught using aural/oral means 
for communication at school. More importantly, the fact that they tended to choose SV 
choices than DV choices when viseme choices were picked as answer indicated that they 
often confused the pronunciation of some stimuli with those having similar pronunciation, in 
which the initial consonants of the words belongs to the same viseme group (or sometimes in 
different groups). This was possibly because their residual hearing only allowed them to hear 
general acoustic information like intensity, but not more subtle differences, such as frequency 
(Hz), manner of articulation, number of syllables, and tones, while information obtained from 
lip-reading merely implied the place of articulation, which was easily affected by vowel 
contexts and coarticulation effects (Dodd & So, 1994; Erber, 1979; Jackson, 1988).  
Although deaf subjects in the study showed the use of phonological information 
(aurally and visually) in their reading, they were out-performed by normal-hearing controls 
significantly in both tests. This might indicated that the accuracy and the amount of 
phonological information applied by the deaf subjects in the HDT, and semantic information 
application in the SDT, were less reliable than that of the normal-controls. As suggested by 
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Dodd and So (1994), and Fang and Zhang (1998), deaf children possibly had smaller lexicons 
and incomplete representations of characters (both phonologically and semantically), and 
thus their acquisition and organization of phonological (and probably semantic) system could 
be different from normal-hearing children, despite of similar underlying processes. 
Consequently, though they tried to make use of their pool of phonological and/or semantic 
information in doing the tests, the incomplete representation and unreliable organization of 
the phonological/semantic information inevitably hinder their performance in the tests.  
When it is difficult to make use of both phonological and semantic information, deaf 
subjects might try to make use of other compensatory strategies in their reading. As shown in 
the choice analysis, when comparing the proportion of choices within the deaf subjects of 
each grade, both grade 4 and 5 subjects chose more orthographic choices in HDT when they 
failed to answer, and grade 5 subjects chose most orthographic choices in SDT. This showed 
that when they lacked the knowledge and ability in making use of both phonological and 
semantic information, they might rely on the orthographic strategy (i.e. by choosing choices 
with similar orthography), believing that they may bear same pronunciation/meaning as the 
stimuli. Since the orthographic distractors used in the study were having the same signific 
radical as the stimuli, though the phonetic radicals were different, the results suggested that 
they had paid attention to the components of the characters. As Chinese children of higher 
primary grades often start learning to use dictionary, in which words are usually organized 
and looked up according to the signific radical (Chen et al., 2003), deaf subjects might 
recognize the importance of the signific radical. Consequently, they chose more orthographic 
choices as answers, instead of choosing unrelated choices. 
The better performance in both tests of normal-hearing controls possibly revealed 
that they learned more characters than deaf children in both pronunciation and meaning. 
Although stimuli used in the tests were categorized at low or mid frequency range in the 
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HKCPSC database (i.e. words rarely seen in school textbooks), normal-hearing controls 
could still recognize most of the stimuli and choose the correct answers. This might reflect 
the importance of hearing for children in acquiring pronunciation and meaning of characters.  
An interesting finding observed from choices analysis was that normal-hearing 
controls performed better in HDT than SDT, while deaf subjects performed similarly in both 
tests. Such results could not be merely explained by the possibility that HDT was easier than 
LDT. Rather, it probably showed that retrieving phonological information was easier than 
semantic information for normal-hearing subjects, while the efficiency in retrieving the 2 
types of information was similar among deaf children. Another interesting finding among 
normal subjects was that they also made use of viseme choice when they did not know the 
answer, although its proportion was relatively lower when compared with deaf students. As 
the viseme choices and the stimuli differed only at the onset and have the same rime, it was 
possible that normal subjects made use of the strategy of analogy in helping them to choose 
the correct answer, a phonological strategy commonly used in normal children of higher 
primary grades (Chen et al., 2003). The higher proportion of SV choice when compared with 
DV choice among normal subjects might also indicate a certain extent of reliance on 
lip-reading information. 
Regularity and transparency effects 
A second aim of the study was to identify if any regularity and/or transparency 
effects existed, as an evidence of the application of phonological information and/or lexical 
information for reading. For HDT, it was found that except for grade 5 deaf subjects, the 
regularity effect occurred in some character conditions. Both deaf and normal-hearing grade 4 
subjects chose significantly more RT words than IT words under the transparent condition, 
while normal grade 5 controls chose significantly more RO than IO words under the opaque 
condition. Normal-hearing controls tended to show stronger effects, as transparency effect 
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occurred in their performance. Grade 4 controls showed transparency effect in both regular 
and irregular conditions, while grade 5 showed the effect in irregular conditions. The results 
confirmed that all subjects, except for grade 5 deaf subjects, noticed the function of the 
phonetic radical and thus make use of the radical to help their reading. The fact that 
normal-hearing controls not only showed regularity effect but also transparency effect in 
some character conditions might reflect that they were making use of the signific radical in 
reading, on top of the phonetic radical.  
For SDT, the results were dramatically different from those of HDT. Apart from the 
occurrence of transparency effect for both grades across deaf and normal-hearing subjects 
(except for deaf grade 4 subjects) under specific conditions, no regularity effects were 
observed in all groups. What is more surprising was that a reverse regularity effect occurred 
for both deaf and normal-hearing grade 4 subjects (that is, more irregular stimuli were 
answered correctly than regular stimuli). It might be possible that for the grade 4 subjects, 
their division of labour between the application of phonological and semantic information 
was so distinctive that they did not rely on much phonological information in helping their 
retrieval of the characters’ meaning in SDT.   
When considering the results in both HDT and SDT, it was not surprising that 
regularity/transparency effects not occurred under all character conditions. In fact, although 
some previous studies were able to obtain regularity and/or transparency effects in higher 
grades (e.g. Shu & Anderson, 1999), some failed to find significant regularity effect as early 
as second grade (e.g. Ho & Bryant, 1997). As Ho and Bryant (1997) suggested, when 
children became more experienced readers, they learned more exceptions among the rules 
and thus the effects became less significant.  
Integrating the results above, it is speculated deaf children can only acquire a smaller 
lexicon and incomplete representations of characters, both phonologically and semantically, 
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upon the application of their residual hearing (though they often have hearing aids when they 
are older), and/or visual information, such as lip-reading. Both sources of information maybe 
unreliable for deaf children, as residual hearing only allows them to hear general but not 
subtle acoustic information, while information obtained from lip-reading merely implies the 
place of articulation. Although deaf children do make use of phonological/semantic 
information in reading similar to normal-hearing children, they often make errors due to their 
lack of knowledge and confusion among representations. To improve the accuracy in 
recognizing characters, they probably make use of phonological, semantic, and orthographic 
information in similar extents. Normal-hearing children also show similar performance: they 
were observed to perform better in HDT than SDT, they chose more orthographic choices in 
SDT, plus the fact that transparency effect occurred in HDT, implying that they apply the 3 
types of information when needed. It appeared that deaf children are employing underlying 
processes similar to normal-hearing children in reading. As long as one or more types of 
information contributed to the accuracy of character recognition, semantic or orthographic 
information can be applied in a phonologically based task (HDT), while phonological or 
orthographic information can be applied in a semantically based task (SDT). The 3 types of 
information probably integrate automatically in the reading process of both deaf and 
normal-hearing children.  
Implications on education and further studies 
Children of primary grades, irrespective of hearing, seem to be able to integrate 
phonological, semantic and orthographical information automatically in their reading 
processes. How does this fact provide suggestions to training approaches of improving 
children’s reading performance? Chinese characters are often being taught to children upon 
drills and rote memorization (Ho & Bryant, 1997; Chen et al., 2003). When teachers 
introduce the use of dictionary, they often teach the use of signific radicals for locating 
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characters, but do not explain the uses of phonetic radicals, or the logic of the writing system 
itself. Chen et al. (2003) promoted the teaching of both signific and phonetic radicals when 
introducing new characters, or revising previously taught characters. For example, students 
are taught to analyze phonetic compounds into signific and phonetic radicals systematically, 
or to learn how the radicals contribute to the characters’ pronunciation and meaning 
respectively. They believed such training was especially useful for children performing at or 
below average, or lacking knowledge of applying appropriate information in character 
recognition. Since deaf children have difficulty in applying phonological, semantic, and 
orthographic information appropriately in reading, they may find such training useful for 
learning Chinese character more effectively.  
In addition to educational implication, are there any suggestions for further studies? 
The present study did not investigate the effects of other factors in reading process of 
hearing-impaired children, such as the severity of hearing loss. For English-speaking, 
hearing-impaired children with mild to moderate hearing loss, a number of recent studies 
showed they had compatible reading skills as their normal-hearing peers (Briscoe, Bishop, & 
Norbury, 2001; Gibbs, 2004), and they did not show language and reading difficulties as in 
children with specific language impairment (SLI) (Briscoe et al., 2001). No study is found at 
present relating to the reading performance of mild to moderately hearing-impaired children 
learning the Chinese writing system. By comparing the reading skills of hearing-impaired 
children with different severity of hearing loss, or with other children having reading 
difficulties (such as children with dyslexia or those with SLI), it maybe possible to find 
further evidence of similarities or differences among populations with/without reading 
difficulties in the process of reading.   
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Footnotes 
1  The word “frequency” in the present study means the “cumulative frequency”. It is 
defined as the number of times in which each of the Chinese character appears in the 
textbooks and workbooks of primary schools are chosen for calculation in the HKCPSC 
(Leung & Lee, 2002). It is cumulative as the numbers accumulate across grades. 
2  Consistency of the phonetic means the tendency of the phonetic to pronounce the 
same in all the words with that phonetic (Chen, 1996). It can be calculated by 1 over the total 
number of phonological realization in the phonetic’s family, according to the criteria of 
HKCPSC (Leung & Lee, 2002). 
3  Family size of the phonetic means the number of characters that contain the 
phonetic as part of the phonetic compound (Chen, 1996). 
4  Although deaf children in Hong Kong are exposed mainly to an oral/aural 
environment, they may use an informal sign language for communication apart from oral 
speech (Dodd & So, 1994). 
5  For /h/, although the identification rate was higher than 75% (80.7%, 21/26), it was 
concerned that its identification was due to a lack of mouth shape being viewed in the test, 
instead of “identifying” the consonant clearly. Therefore, it was not regarded as a viseme. 
 
 36 
Acknowledgements 
I give my greatest gratitude to the principals, teachers, parents, and students from the 
three schools for their participation and help, including the Alliance Primary School, the 
Chun Tok School, and the Victoria Park School for the Deaf (in alphabetical order). I also 
thank deeply to people who have given valuable comments and assistance in the planning and 
writing of the article, including my supervisor Dr. Leung Man Tak, and my classmates. Last 
but not the least, I am grateful to the support from my family, relatives and friends, which 
always helps me to face challenges and improving myself.  
 37 
Appendix A 
Confusion matrix of the viseme groups obtained for Cantonese initial consonants 
Sound Responses  
 /pa/ /pha/ /ma/ /wa/ /kwa/ /kwha/ /fa/ /la/ /na/ /ta/ /tha/ /sa/ /tsa/ /tsha/ /ka/ /kha/ /Na/ /ha/ /ja/ NR Total 
/pa/ 10 8 8                  26 
/pha/ 11 10 5                  26 
/ma/ 17 6 3                  26 
/wa/    19 4 3               26 
/kwa/    16 8 2               26 
/kwha/    12 7 6              1 26 
/fa/       22 1 1        1  1  26 
/la/        24 2            26 
/na/        2 4 11     2  2 1 3 1 26 
/ta/         3 10 8 3  1     1  26 
/tha/   1      4 11 6  1  1 1    1 26 
/sa/          6 8 2 4  1  1  4  26 
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/tsa/         2 2 2 4 6 8    1 1  26 
/tsha/      1 4   2 1 3 6 5 1  1  1 1 26 
/ka/        8 2  1  1  3 2 4 2 3  26 
/kha/       1 1 1 5 1    6 1 3 1 6  26 
/Na/        9 4   1   2  4 1 5  26 
/ha/    1           1  2 21  1 26 
/ja/          3 1 5 8 3     6  26 
Total 38 24 17 48 19 12 27 45 23 50 28 18 26 17 17 4 18 27 31 5 489 
 
Notes. NR = no response, parallel-line box = viseme group, dotted-line box = group of consonants which were not identified as a viseme group. 
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Appendix B 
Task explanation (in Cantonese) for Raven’s test, HDT and SDT 
Raven’s test 
各位同學，呢個測驗係要你哋睇啲圖畫，然後答問題嘅。首先喺你份測驗卷上面寫你個
名。好啦，我哋試吓做例子一先，咁你哋就知做咩啦。呢度有一幅圖畫，但係上面有一
忽冇咗喎，咁下面就有 6塊圖案 (順次指下面每一小塊) 就同上面空位嘅形狀一樣，但
唔係每一塊都可以砌番啱幅圖案。第一、第四、第五同埋第六塊都係錯嘅，佢哋雖然可
以補番上面嗰個空位，但係個圖案唔啱。而家睇吓第三嗰塊，佢嘅圖案就好似啱，不過
佢裏面冇咗一截 (指着小塊空白處)，所以都係錯嘅。而家你地試吓搵啱嗰塊。講俾姐
姐聽喺邊塊呀？ (答問題，必要時重新解釋) 冇錯嘞，第二塊就啱嘞，所以例子一嘅答
案係 2。咁你哋就圈住個 2，就叫答咗例子一啦。(等每一位學生填好) 唔好揭去第二頁
住，聽住姐姐講；以後每一頁嘅圖案都好似例子一咁有一忽冇咗，你要揀邊一塊可以砌
番上去做成一個完整嘅圖案。當你搵到啱嗰一塊嘅時候，就喺份卷上面圈住嗰塊嘅號數
就得啦。最初嘅問題比較淺，慢慢會深啲。只要你跟住次序做落去，你唔會覺得後面嘅
問題好難。而家你地揭去第 2 頁，試吓做例子二啦。(等每一位學生填好) 講俾姐姐聽
喺邊塊呀？ (答問題) 係啦，第 5塊係正確嘅答案，記住喺份卷上面圈住個 5字。而家
你哋用同一方法，好似做例子一、二咁做哂全部問題。記住要跟住次序，由頭做到尾，
一頁一頁咁做，唔識嘅時候試吓估答案，唔好唔做或者偷睇其他同學。做哂份卷就舉手
等姐姐嚟收卷。一陣如果有問題，舉手叫姐姐就得。冇唔明嘅話，大家可以開始。 
HDT 
各位同學，首先喺你份測驗上面寫你個名。唔好自己做住，姐姐講吓份測驗做咩。大家
望吓例子一，題目有個「佈」字，佢下面有 5個選擇，大家留心聽住：(A) 佔、(B) 告、
(C) 報、(D) 田、同埋 (E) 掃。好啦，邊個字同個「佈」字一樣咁讀呀？係啦，(C) 「報」
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都係讀 「佈」(/pou33/)，咁你哋就喺右邊個答案格度寫個「C」字。同學明唔明點做呀？
好啦，我哋睇例子二。今次係個「城」字。姐姐今次唔讀答案選擇啲字，你哋試吓自己
搵邊個字同個「城」字一樣咁讀。(給予足夠時間讓學生填答案)答案係咩呀？答案喺 (D) 
「乘」(/siŋ21/)。 好啦，跟住啲題目都係用同一個方法做，都係要你哋搵番同題目俾嗰
個字一樣咁讀嘅答案，之後寫選擇個英文字母喺個格度。題目啲字有深有淺，你哋未必
識哂，如果唔識題目個字，試吓估答案，記住唔好漏空，要答哂所有題目。呢個測驗唔
限時間，我哋唔係鬥快，啱得多先好。你哋唔駛出聲讀啲字出嚟，唔好偷睇隔離個同學，
做哂就舉手，等姐姐嚟收卷。一陣如果有問題，舉手叫姐姐就得。冇唔明嘅話，大家可
以開始。 
SDT 
各位同學做完第一個測驗，而家請你哋幫姐姐做第二個測驗。首先喺份測驗上面寫你個
名。唔好自己做住，姐姐講吓份測驗做咩。大家望吓例子一，題目有個「小」字，佢下
面有 5個選擇，大家留心聽住：(A) 少、(B) 細、(C) 片、(D) 表、同埋 (E) 干。好啦，
邊今次姐姐想你哋搵吓邊個字嘅意思同個「小」字差唔多？係啦，(B) 「細」字 ，都
係形容物件嘅大細。咁你哋就喺右邊個答案格度寫個「B」字。好啦，我哋睇例子二。
今次係個「波」字。姐姐今次唔讀答案選擇 啲字，你哋試吓自己搵邊個字嘅意思同個「波」
字差唔多。(給予足夠時間讓學生填答案)答案係咩呀？答案喺 (D) 「球」。 好啦，跟住
啲題目都係用同一個方法做，都係要你哋搵番同題目俾嗰個字一樣意思嘅答案，之後寫
選擇個英文字母喺個格度。題目啲字有深有淺，你哋未必識哂，如果唔識題目個字，試
吓估答案，記住唔好漏空，要答哂所有題目。呢個測驗唔限時間，我哋唔係鬥快，啱得
多先好。你哋唔駛出聲讀啲字出嚟，唔好偷睇隔離個同學，做哂就舉手，等姐姐嚟收卷。
一陣如果有問題，舉手叫姐姐就得。冇唔明嘅話，大家可以開始。 
